Introduction
• Can itinerant electrons in 1d form a ferromagnetic ground state?
• Experiments and numerical studies indicate: ferromagnetic ground state is possible in 1d!
• here: use perturbation theory and bosonization to calculate correlation functions (spin correlations, single-particle Green function)
• Symmetry-broken Luttinger liquid (analogous to weak ferromagnets in 3d)
• what happens to spin-waves in symmetry broken phase?
• anomalous dimension close to quantum phase transition can be large!
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Lieb-Mattis theorem, (1962) There is no ferromagnetic ground state in a 1d conductor!?
valid under fairly general conditions:
• spin and velocity independent forces
• lattice model with nearest neighbor hopping
• example: N=2: Helium atom (in any dimension) E(S = 0) < E(S = 1)
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Evidence for 1d itinerant ferromagnetism
• "0.7 structure" of quantum point contacts has been linked to spontaneous ferromagnetism (Thomas et al., 1996) • Extended Hubbard model can show 1d ferromagnetism (Daul and Noack, PRB 1998)
• DFT calculation predicts band ferromagnetism for purely organic polymers (Arita et al., PRL 2002) .
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Interacting electrons in 1d
• for weak ferromagnets (m k F /π): expand energy dispersion close to Fermi points:
• cubic parameter λ will be necessary to stabilize ferromagnetic ground state
•Ĥ is spin-rotationally invariant
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A first step: Hartree-Fock theory write Hamiltonian asĤ =Ĥ 0 +Ĥ 1 Hartree-Fock part:
fluctuation part:
Change in ground-state energy at constant m Stoner-parameter:
Longitudinal spin fluctuations in RPA RPA for longitudinal spin-and charge susceptibilities (f n = −f m = f 0 > 0):
For small q and ω:
ballistic longitudinal spin fluctuations Wanted: correlation functions:
Fourier-transform: dynamic structure factor:
Within RPA: longitudinal spin fluctuations propagate ballistically!
1 measures distance to zero temperature critical point (quantum phase transition)
• susceptibility sum rule: 2 lim q→0
transverse suscrptibility: ladder approximation
for small q and ω:
However: Can perturbation theory be trusted?
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ferromagnetic Luttinger liquid in ferromagnetic phase: marginal couplings: dominant forward scattering ⇒ effective low-energy theory in symmetry broken phasê
with renormalized couplings and densitieŝ ρ n (q) = ασ
• need Wilsonian RG to arrive at this model irrelevant couplings stablize ferromagnetism!
• calculate correlation functions using bosonization
• closed loop theorem (Dzyaloshinskii, Larkin, 1974) : all corrections beyond RPA for χ mm (q, ω) cancel!
• what happens to transverse spin waves in Luttinger liquid?
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Single particle Green function
• Luttinger liquid behavior
at quantum phase transition: χ m → ∞ and v m → 0
12/22
Transverse susceptibility from bosonization • no charge contribution
• spin contribution is due to broken symmetry
• anomalous scaling exponent 2η m
• based on a linearized energy dispersion
• only good for q ≈ k ↑ − k ↓
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Low energy spin excitations 
